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SOME LANDMARKS IN 1'HE HISTORY OF TilE 
ROLLING MILL. 
BY CHARI.ES II. XOROAN', WORCESTER, XAS~. 
PRESIDENTIAL ADDRESS, 1900. 
In undertaking to discharge the pleasant and honorable obliga-
tion of making an annual address before you it is 11atural aud 
reasonable that I should turn for inspiration and material to that 
small part of the boundless domain of mechanics in wl1ich it has 
been my pleasure and privilege to serve. Younger men may tell 
of what may be done; older men of what has been done . 1\lay I 
speak then of the rolling mill aud what it has done; quickly 
trace its development; and show tl1e mighty part it has played in 
the .nation's growth. To sl10w that with Watt's immortal inven-
tion harnessed ahead, and the ha:r;td of the mechanical and 
metallurgical engineer guiding behind, the rolling mill has been 
the plowshare which has opened the furrow and made possible the 
seedtime and harvest of the hour. 
Important as I believe the rolling mill to be, I am not unmind-
ful of the fact that this Society is not composed entirely of men 
interested in it. There are, I am sure, among the members young 
men engaged in rolling mill work, and older men engaged in other 
and highly important work, to whom a brief narrative of the land-
marks of some part of the history of rolling would be of interest. 
If, then, aught I have to say may to some rolling mill friend seem 
well known and familiar, my only apology is that I do so in my 
desire to record that which may be of general interest to all. For 
I have often found it to be true that the axioms of my neighbor's 
trade were the probl~ms oJ my own, the things by daily contact 
trite to him, of interest to me. 
It is easy to magnify the importance of one's special work, and 
yet I am very bold in urging the claims of the rolling mill as an 
epoch maker. Mayche testimony I have to bring yield, under · 
your impartial analysis, reasonable percentages of interest, pleas-
ure and profit, hut of self-assertion barely a trace. 
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In his annual address before the Society in 1892, our honored 
Past President, Mr. Charles H. Loring, pays. a splendid tribute to 
the steam engine and its illustrious inventor, James Watt. In 
forceful, striking manner the influence of that invention upon 
the race is shown. May I ask of you another review of that 
address and thoughtful consideration as to what share of the 
truths there so ably told fairly- belong to the contemporary and 
colaborer of Watt--Henry Cort, and the monument of his genius, 
the rolling mill. 
"The great historian," says Mr. Loring, "who looks back a 
century hence upon the present era will point out tlwt tlte great 
'lmdul!Jing ca'use of the wonderful progress made by mankind 
during the ln.st 100 years ~cas the steam engine. It is what no 
other machine ever was, the creator of physical power. The 
immortal inventor died without dreaming that he had placed on 
earth an infant Hercules whose club with an ever increasing might 
would batter down the institutions of preceding ages." 
I indorse that tribute with this distinction only,-Watt's en-
gine is the Hercules, but the rolling mill is ltis club. Disarm him, 
take his club away, ami how little with his vast strength can he 
do'? 'rhe steam engine may be " what no other machine ever 
was, the creator of physical power," but the rolling mill has ever 
been the crmtor of ihe harness for using t/,at pou:er. 
Without travelling too far afield, a bit of the biography of 
Henry Cort, and his contemporary relationship to the work and 
time of Watt, is inseparably a part of any summary of the de-
velopment of the rolling mill. Henry Cort was essentially to 
the rol1ing mill what James Watt was to the steam engine. 
There is a singular similarity between the two men and the 
interuependency between the development of the inventions they 
wrongl1t. 
Tl1ey were contemporaneous, poor, engaged in other work 
until brought together face to face with two undeveloped bed 
rock baHic inventions--a steam engine and a rolling mill. Both 
dropped the old work for the new, and developed inventions orig-
iua11y not their own, (for other engines preceded Watt's and other 
mills Cart's), but the great fundamental similarity lies in the 
fact that both were men who found two splendid inventions 
brought (as have so many lesser ones before and since) to that 
point in the life of inventions where development drags and waits 
a master-hand to give it impetus. Both were men quick to see 
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the needed thiug and apply it, and a.t one stroke push the poor 
uncompleted thing over the dividing line and send it on its way 
a master product. 
Henry Cort was born in 1740, at !Jancaster, England. In 1765, 
at the age of twenty-five, we find him in London, engaged as a 
navy broker. Here, by sales of ir<?n to the Government, he had 
pointedly thrust upon him knowledge of the conditions of Eng-
land's iron iudustry. Within ten years after reaching London, so 
dependent for her iron supply had England become that Russia 
and Sweden, from whom she imported it, increased the price 
nearly two hundred per cent. No forge or furnace in England 
could make iron fit for the navy's use. Such a condition of thingt:, 
striking at once at the root of England's maritime and naval 
supremacy, was intolerable. Then came one of those rare con-
junctions of circumstances, too potent and far-reaching to be a 
mere creature of chance. 
Three men almost simultaneously worked and linked together 
the product of their work-Watt, Cort, and the Edinburgh chem-
ist, Black. No happier example of the power of scientific and 
mechanical unity can be found than in the cooperation of these 
three men, the scientist .13lack, aud the mechanics Watt and Cort. 
In his annnal address in 1899, before the Iron and Steel Insti-
tute. f:'ir William Roberts Austen speaks of Black and Cort as 
two .remarkable men who were looking for the dawn of the nine-
teenth century as we are for that of the hventieth, and whose work 
eviuenced the fact that our progress received no check from the 
failure of industrial workers to assimilate the teaching of science. 
Dr. Joseph Black, who was a professor of chemistry iu Edin-
bur,rh Universitv, 1)revious to his familiarity with Carl's work, 0 ~ 
had interested himself in aiuing Watt-indeed Watt was finan-
cially his debtor. A moment's digression concerning the rela-
tions of these men, as also the moral and physical aid of 1\~ att to 
Cort, is, I feel, justifiable here. Black had a friend nud fellow 
che'mist, Dr. Roebuck, engaged iu mining and wrestling with the 
old question of pumping the mines. To him Black introduced 
Watt as a young man who had invented a steam engine of in-
creased power speed and economy as compared to Newcomen's. 
Roebuck's interest was instantly arouse(l, and, corresponding witl1 
Watt, eventually had him come to Kinneil Honse, Roebuck's 
home. There every assistll.nce wns given by Roebuck. Build-
ings were furnished in which to erect a working engine, the cylin-
3 
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ders for which Roebuck cast at the Carron works, of which he 
wa~ proprietor, and from which he sent a corps of his best skilled 
English workmen to help Watt. Watt is described as a "sickly, 
fragile man and a constant sufferer from violent headaches. He 
was, by nature, timid, desponding, painfully anxious, easily cast 
down. On the other hand, Dr. Roebuck was accustomed 
to great enterprises, a bold, undaunted man, disregardful of ex-
pense where he saw before him reasonable pros·pect of success. 
The result was Dr. Roebuck eventually became a partner 
iu the invention to the extent of two-thirds-took upon himself 
the Jebt owing by Watt to Dr. Black, and undertook to find the 
required money to protect the invention by a patent." 
Such was the friend to whom Dlack introduced " ' att, and such 
was the moral and material backing R oebuck gave that Watt, in 
writiug to a friend, says: "I have met with mauy disappoint-
ments, and I must l1ave sunk under tile burden of them if I had 
not been supported by the friendsf1ip of Dr. Roebuck." And yet 
it is of such a man as Roebuck-who ruiueJ himself tinaucially 
with his tireless euergy- tlmt the best the biographer can . say 
iu a Cyclop;Pdia of Biography publi~hcd in Glasgow is, "lloebuck, 
John, a }'hysi('ian an<l (:Xpl'rimeutal chemist, born at Shefii elJ 
in 171 , tlied , after ruir1ing himself by his projects, in 1794." 
Such was the advent of \Vatt amll1is engine, and the part Bla.ek 
playetl in it. The new inventioll had about gained a fair footing 
when 1Ie11ry Cort Legan his work. Cort-the man with whom 
Sir \VilliaJu Roberts Austen says "Black was· soon to become 
familiar " - tl1e man of whom Watt, in writing to Dr. Black, says: 
"::\Ir. Cor·t l1 as Leen most illiherally treated by the tralle; I shall 
be glrul to be rtUe to 1H' rtf ll?l !/ It-~ to f, im .. , 
Of how great a use he really was, uo human mind can ever 
kuow. Omniscience :dQDe cau measure the help to the stru~:ml­
ing Cort of such kindly, sympathetic appreciation as tLat of \Yatt. 
Watt, of all men, who, when strnggliug iu the iuitial tlll'oes of l1is 
own work, l1ad the friendly interest of Black aud the broad 
slwulders of Roebuck to sustain l1im. There was singular fitness 
now that It should be this same Black and \Vatt, and tl1e assi!5 t-
ance of their <liscoveries and inveutions, tl1at should be the key 
for Cort to open l1i~ own. With the chemical researches of Black 
and the steam engine of Watt reaJy and available, Cort went at 
tlte very root of the mctlw<l of pudllling iron and the machinery 
for rolling it. 
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Possessed of a small competency saved from his brokerage 
business (some £20,000), Cort dedicated the whole of it to per-
fecting the processes and machinery for manufacturing iron. He 
leased a site and built a mill at Fontley, near the government docks 
in Portsmouth Harbor, and here, between 1777 and 1783, prose-
cuted the work which culminated in -his patents for improvements 
in the process of the manufacture of iron and the manipulation of 
it by the use of the grooved rollP. There in those two obscure 
patents, Nos. 1,351 and 1,420 of 1783 and 1784, respectively, are 
bound np the first real beginnings of the art of rolling iron and steel; 
berrinnings that were no mere fortuitous accidental discoveries, 
but discoveries made by a man who saw what was needed and 
went for it with iucisive directuess. \Vith his skilled method of 
·'puddling," au end came forever to the manufacture of iron "no 
longer fit for tlie navy's use.'' With his first use of the grooved 
rolls, the limitations of the olJ slow hammer were burst, and an 
evolution started, the end of which is not yet. It is impossible 
to overstate its value. At the very start it brought emancipation 
from dependence upon Russia and Sweden, aside from the finan-
cial freedom it secured. Nor from the standpoint of pounds, 
shillings and pence, can the miud fnlly grasp the significance of 
Cort's inveutiou. As early as 1786, ouly two years after the date 
of the patents, Lord Sheffield saitl: "If )[r_ Cort's very ingenious 
aml meritorious im pro Yemen ts in the art of making aucl working 
iron, the steam engit~e of Boulton aml \Y att, ancl L ord Dundon-
ahl's discovery of 111aking coke shonhl all succeed, it is not assert-
ing too mud1 to say that the result \\'ill be more achantngeous to 
Great Britain than the possession of the thirteen colonies [of 
America]." 
An invention which in two years was able to tbrow a searchlight 
into the future auu reveal possibilities cnlliug forth such an ntter-
auce must be stamped as something llJOre than ordinary. In 
1865, about eighty-two years after Corl':-; invention, William Fair-
bairn saitl : "Henry Cort 's iu rentions have conferred an amount of 
wealth on Great Britain eqnal almost to six: hnndred million ster-
ling, and have given employment to six huudred thousand men." 
Surely such declaratious justify the assertion of kinship between 
the development of the rolling mill and that of the nation. 
The temptation iR strong to trace in detail the . tragic career of 
poor Cort, but it is not within the limits or purpose of tlti:-. paper 
to do so. I may, howevt>r, bridly say that, reaching the limits of 
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his twenty thousand pounds, he entered into that fatal partnership 
with the Jellicoes, by which the capital of the father, Adam Jel-
.licoe (then Deputy Paymaster in the Navy), was put into the 
business. Cort's patents were assigned to Jellicoe as collateral, 
and later were confiscated by the government upon the discovery 
of Adam Jellicoe's defalcation, and that the capital advanced by 
him had been taken from government funds. 
His biographer says "He may be said to have been 
the author of our modern iron aristocracy. These men of gigan-
tic fortunes have owed much-we might almost say everything-
to the ruined projector of 'the little m~ll at Fontley.' Their 
wealth has enriched many families of the older aristocracy and 
been the foundation of several modern peerages, yet Henry Cort, 
the rock from which they were hewn, is already all but forgotten. 
He has been the very Tubal Cain of England 
and while the great iron masters, by freely availing themselves 
of his inventions, have been adding estate to estate, the ouly 
estate secured by Henry Cort was the little domain of 6 feet by 
2 in which he lies interred in Hampstead Churchyard." 
I may say that it was my pleasure during the recent trip of the 
Society abroad to have luul made a photograph of "the little 
domain of 6 feet hy 2 in Hampstead Churchyard." 
The markings on the heatl::.;tune were much obscured, but by a 
little effort they were cleared aud a satisfactory photograph 
obtained. 
I have felt it to be of interest, and worthy the emphasis given, 
to outline tlms the life of a man with whose work the real art of 
rolling began. Before Cort's time, strictly speaking, there was no 
such thing as the manufacture of bar i1·on by rolling, although it 
is but just to say that Christopher Polhem of Sweden, who l1ad 
done valuable work with plain rolls, anticipated in his writiugs 
the possibilities of groovell rolling, stating, in substance, that 
financial aud other limitations restrained him and that it must be 
left for others to work out. Cort was the man who worked it out. 
The art as he found it was simply the crude refinement of the 
pig iron in small quantities into the wrought iron mass -its man-
ufacture into bars, alone by hammering-with a finishing pass 
between plain rolls for uuiform thiclmess before cutting in the 
onlillary slitting mill. 
Cort reorgauizetl the whole scheme-metallurgically and me· 
chn.nically. Laying the fouudation of modem pu<l<lliug- minimiz-
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ing the use of the hammer and practically discarding its use for 
finished work, he took his refined· mass at once to his grooved 
puddling rolls and tbenoe on to the finishing; using, as be says in 
his patent, "a groove of the required diameter when the iron is 
designed for bars, half fiats, or thimble iron, either plain for 
squares and flats, or concave for bolts and the like.'' 
Then, for the first time, the infa~t industry for rolling stood 
alone, all before had been but gathered strength for taking the 
first step. To trace minutely its growth would fill volumes. As 
an index of immediate effects of Cort's improvements, take, for 
example, the work of Richard Crawsbay, one of the first iron 
masters to appreciate and adopt them. In 1787 he was strug-
gling away at C_yfartha, making, under the hammer, barely 10 
tons of bar iron per week, and that none too good; yet in 1812 
(twenty-five years later), in a letter read before the House of 
Commons, describing his process, he states: "I took it·from a Mr. 
Cort, who had a -little mill at Foutley, in Hampshire, 
by which I am now making more than 10,000 tons of bar iron per 
annum'' (equivalent to 2UO tons per week). From thence on, these 
outputs have mounted up until, in the United States alone, there 
were rolled in the year 1890 (excluding all flat roll products) 
about 5,000,000 tons of iron and steel-eqnivalent to 100,000 
tons per week, and, in 1899, over 8,0CO,OOO tons-equivalent to 
167,000 tons- per week, every pound of which passed through 
grooved rolls like those first used in the "little mill at Fontley.'' 
The mill used by Cort was, of course, of the ordinary 2-high 
type. Modification after modification succeeded Cort's 2-high mill, 
calliug forth all sorts of types, kinds, and classes, among them 
the familiar reversiug and 3-high mills, all evolved by the 
demands of allvancing civili;mtion in eYer varying and countless 
combinations, for something bit!"ger and Letter, longer and 
stronger. 
It has been the privilege of the writer to have been allowed to 
add his contribution to this development of the rolling mill; to 
have shared in aiJing the development of that type of mill known 
as continuous mill, and the large family of auxiliaries that have 
grown up about iL Like all inventions, it had its tla.y of small 
beginnings. There are footprints of teutative efforts made in 
France to use it. The first recorded patent atH11irst actual use 
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seems to have been that of an American, J. E. Serrell, in 1842-43. 
Its use was, however, restricted by him to the rolling of lead pipe 
· and copper, and with ltis efforts his use of 'the mill ceased. His 
countryman, Henry B. Comer, in 1859, secured a patent for a 
. continuous mill, but never constructed one of this type. 
Like Cort's invention, other men thus bad their hand on the 
tiller before the c~ptain grasped it. By every consideration, the 
credit for first impressing the continuous mill into the service of 
rolling iron and steel, for successfully combining its essential 
elements, and for gaining it the wide application it now enjoys, is 
due to l\fr. George Bedson of Manchester, England. lie first 1nade 
the mill go. 
This mill, as its name ip1plies, works coutinuously upon the 
metal. The rolls are placed closely in tandem and tl1e metalled 
by means of guides directly from pass to pass, without the inter-
vention of any lJUm:m labor. There are no interruptions, no 
catching or looping, bnt a continuous onward transit of the metal 
from the bite of the roughing rolls to the discharge of the finish-
ing. Each pair of rolls, ·by carefully arranged gearing, being 
speeded according to the reduction of each successive pass, to 
take up the corresponding elongation. Pheuomena peculiar to 
this mill had to be combated, but the door was at once opened 
for vastly increased lengths, weights, m1tl speeds. Enrope, at 
that time, was rolling easily 50-pound billets by the Belgian or 
Loopiug System; the U uite(l States Lut 15 pounds on ordinary 
2 and 3-high mills. The Bed::son l\Iill at once handled from 70 
to 80 poumls (which was rapidly increased until to-(la.r :~00-
pound billets are commonly rolled). 
The Hot•. Abram S. Hewitt, statesman, iron master, and wire 
manufacturer, speaking of tl1is in his report as United States 
Commissioner to the Guiversal Exposition, at Paris, in 1SG7, says: 
'·Generally there may he sai<l to exist a prevailillg williugness 
and practice in the European work~-; to handle iron in larger 
masses than we do in the United States. wire 
rods are frequently to be fonml in the (lepartments ranging from 
30 to :JO pouuds in weight, rolle<l in trains no greater 
in speed than we employ in the Uuitetl States for 15-pouud 
billets. Lnt the most remarkable specimeu of rolling 
was in tl1e English department exhibited by Hid1anl Johnson 
and Nephew, of l\Ianchester, in the shape a coil of No.3 wire 
rod, weighiug 281 poun<ls, in leugth 500 yards, rolled from a 
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single billet. This wonderful specimen of wire rod 
was rolled in a machine invented by George Bedson." 
'J.lhe first of these continuous mills erected in the Uuited States 
was at the works of the Washburn & Moen Manufacturing Com-
pany, Worcester, l\Iass. Mr. Ichabod Washburn, the founder of 
that company, recognizing the g~·eat possibilities of this mill, 
negotiated with :Mr. Bedson for one of them, and aElsumed, person-
ally, the entire financial risk of the veutnre. 
In the spring of 1SG9 this mill, designed and constmcted by 
:Mr. Be(lson, was erected and put in operation, nuder the super-
vision of the writer, at the Washburn & 1\roen Company's works, 
of which lte was tlten general superintendent. This mill is shown 
in Fig. 1, and cousisted of lG stands of rolls placed in taU<lem, 
and rolled 1~-iuch billets, ·weigl1ing from 70 to 80 pounds. For 
tlte general reader, I may say that it is eYident that continuous 
rolliug of a l>illet in a plane always at the same angle to its axis, 
would produce flattening of the tnnss only. To obtain elougation, 
colllpression in planes varying in angle \Yilh that of the axis is 
necessary, similar to the rotation of the metal by the blacksmith 
upon the hum of the anvil between each successive blow. In 
Mr. Bedson's mill tltis was accomplislletl by placiug each pair of 
rolls (after the manner of the nni ,·ersal mill) at an allgle of DO 
degrees to its pretlecessor. This secured the desired end per-
fectly, hut eutai1('(1 rast amJOyance ill the care ancl management 
of the mill. By it was llct:essitated tlte n::e of one s~·stem of 
gearing above the floor line au<l another in a pit below it. Acces-
siuility to these, as abo to the rolls themselres, in ciHtugiug :tiHl 
a(ljnstinp-, was serion:-:ly impellell. In tlte ItPxt coutiunons mill, 
Fig. 2, wllich was tlesigned l)y the writer in ISiS, :lll<l nSt:>ll by him 
at tlw \Yashbnru & l\loen Cotup:wy's work~, all rolls were placed 
in a horizoiJtal plane, all the gearing in a siugle plnne, nml the 
very essential requisite of varying the plane of compression secme(l 
l)y Ute nse of t wl:st guides, whereby the metal was turned 91) 
degrees iu travelliug between each sttccessive pass; a device uni-
versally adopted in t ltese mills. 
It wonltl he quite impossible to trace eneh minnte derelopmc1Jt. 
As in all new things, surprises consbmtly ball to be met and orer-
comc. Nicety of adjnstme11t became iuseparably a feature of 
the f-lystem. Exactitude iu the correspolllling spet>ll atHl pass('s 
of the rolls was diffil'nlt. Without it one uf two things was iuevi -
table-tlelivery to a pass faster than its eapacity to n'Ct'ire it, 
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producing lateral looping; or slower than its capacity to receive 
i~, producing stretching. Of the two alternatives, the latter was 
preferable, for the relief by" looping was interfered with by the 
guides-it was cumulative in effect, and attended ~ith serious 
menace to the safety of the mill and its operatives. Stretching, · 
however, threw a demand upon the heated metal greater than 
many grades of good iron could withstand, by reason of their low 
tensile strengths and lack of homogeneity. For this reason the 
use of the continuous mill, as origina11y installed, was greatly 
lessened in rolling common grades of iron; so much so, tl1<1t the 
next mill built by the 'Vashburn & Moen Company, in 1877, was 
a 3-ltigh mill adapted to the Belgian system. The improvements 
in Bessemer and Open Hearth steels, with their greater tensile 
strength and homogeneity, ultimately brought a product for 
rolling for which the continuous mill was well adapted. 
BElGIAN OR LOOPING SYSTEM. 
With iucrease in weight a_,nd decrease in the section of the fin-
ished product there arose the practice of continuous or siu~ul­
taneous rolling of the metal in 3-high mills by serpentine loop-
ing on each side of the mill. This was distinguished from the 
"back and forth" ro11ing, in which the metal was discharged f1·ee 
from the rolls at each pass. This type of mill was used by Europe 
before the United States adopted it-presumably first in Belgium, 
the name "Belgian" having come to he umlerstood af; meaning 
a looping mill. It was the use of these mills which for some ti111e 
enabled the European manufacturers to roll tho 30 alld 50-ponnd 
billets referred to by l\Ir. Hewitt while we were rolling bnt 15 
and 20 pounds on the "back aud forth'' 3-lJigh mills. It 
was a mill of this Belgian type which was fir t designed aud 
erected by the writer to follow the original Bedsou continuo11s 
mill, as already mentioned. A plau of this mill is shown in Fig. 
3. It is believed that this was the .first "Belgiau " mill erected 
in the United States, although other mills were erected at or 
about that time by others. At all events it was one of tl1e very 
.first of these mills thoroughly carried out and put in for perma-
nent and effective service in this count.ry. The roughing was 
done on a 2-hi~h mill capable of l1anclling 4-iuch billets, reduc-
ing to 1~ inches. From this size it went to the looping or Bel-
gian mill, and rolled to the ordinary wire rod. This system is 
now used quite largely iu this couutry for rolling wire rods, 
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CoMBlNATION ( co·NTINUOUS-BELGIAN) MILLS. 
The combination or joint continuou~-Belgiau mi11 (Fig. 4) was 
an t>ffort ou the part of the writer to secure a consolidation of tlte 
merits of both systems. A mill of this type was put in operation 
by the writer i11 1881 at the worb> of the "\Vashlmrn & 1\Ioen 
Company. It roughed J,ilJets of about 100 pounds in weight 
from 1 3-1H inches to ~~ iuches on Ute continuous mill, and finished 
from ~ inches 011 the Belgian mill to tlte ordinary wire ro<l. Tltis 
was the first mill of tlti ,; type built in tltis conntry, or in ally 
country. One of the ('ltit ·f merit:-; of tltis ~_p;lem i~ that it 
rolls common iron equally as \r<"'ll as (loes the looping nr B('lgian 
system, aml tltat, too, with less Ia bur. It has sinC'o been :uloptt·rl 
hy tlte a<hocatcs of tl10 lkl~iau system as a compromise lccugni-
tion of the clnims and merit:-; of th<' continuous plan. 
\ritlt lJI("I'C<tS(' in size antl ,,·eight of hillets, as lms l>el"n saitl, 
tltc n<·f'cssnrit•s of the 1nill l><'gan to gro\\·, :dtltongh tltP neetl for 
somPtllillg new at tlw deli,.< 1 y t'JlCl of tlte mill soon fnllmr<: <1. TIH~ 
leap from billets and coils of 1.-, :uHl :!0 pomHls to t l1<J~-e of 70 
awl 80 forced a '' policy of <·xpausi ou." The will it~clf batlmt-
deYelopecl capn<:ity-tltP- limitation la) in tl10 h<•:tting :llld ref'liJtg, 
two colla.t0ral functi oiJS of tlH· mill " ·bich have ha<l a rapid and 
interesting growtl1. 
HEATIS(i. 
H0atillg in Cort's timf' lt:Hl prohnhly been done in ~orne form 
of'' dired-firetl '' fum~Wt' (sirnilar to au ordinary puddling fnmace). 
the wetal charged mHl disl'lmrgt •< l from tltn sawe <loor. These 
furnaces were in every way extrantga.nt, COI'suming lnrg<' quan-
tities of fuel, most of the heat. being lost up the chimney; a 
l1eavy percentage of the wctal was lost by oxi<latioll, anll, in 
later years, tho higher carbon steels were seriously injnre(l hy 
th1 · abruptness with wltich they were expos1~d to the full iutensity 
of tlte heat. 
In course of time tlwn~ dt •vt lopetl a elass of furnaces known as 
"gas-fin·ll ·· (as distiiJguisbe<l hom 1lirect-fir('(l). H<'ating was 
obtaiue1l by the combustion of "producer gal:>" (a gas obtainetl 
by the distillation of coal). 
Fuel economy, inte1Jsity of heat, and faci lity of regulation were 
important a<lnwtages of this metho<l of heati11g. 'rhc chief all-
vantage, ltoweY(·r, lay in thn ease with which all '' oxidiziug" or a 
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''reducing'' flame could. be secured, for by it the oxidizing, or 
· " scale-waste., of direct-firing, was very materially reduced. 
Modifications of these furnaces followed, until two general types 
came into accepted. use-the "Ekman continuous" and the 
"Siemens regenerative." Both were ga~-fired, and. therefore had 
all the general advantages of that method of firing; but both 
aimed specijically at greater efficiency by utilizing the waste heat 
escaping with the products of con1 bustion. They aimed. at the 
same thing, but effected it fluite differently. The Siemens regen-
erative (t ile last in point of time-lSGG-but the first to be gen-
erally accepted) secured "regeneration" by · causing the waste 
heat ou its ·way to the stack to pass through tl1e interstices and 
to be absorbed by fire-brick "checker-work ., place<l in suit-
able chambers. Alternation i 11 heatiug the checkl'l'-work was 
had between bYo pair of these clwm bers, through wl1ich the in-
flowing gas aud air, ro~pec ti,·ely. pa:-;secl un their way to tho 
furnace. absorbing the h eat of th e Jire-brick clJe('k('r-"·ork, uniting 
at a high temperature wilh a l,)gh resultant flame. These fm-
naces stoo(1 in great favor, a1Hl tlesene<lly so, for stet•l making, 
hut tl1ey had <1isad\'::mtagns for rcl1eating col<1 metal. Oharge<1 
a1Hl cli~clJargc'<l, as tlH'Y W<'l'<', frolll t.l1e same door, t!H're was 
often coufusion in the on1er antl system of r<'ceipt ant1 cl<·lirer,r, 
the last billet in often bei11g tLe first oue oul (solllething like the 
cxperi<'nce our steel fri<·IH1s li:tr<' \Yh l' n order ancl sequence at 
t.l1e soaking-pits is dislnrll<'rl atH1 uJwertainty exists as to whielt 
ingot should come next). Bnt allorc all was th o disadvnntage of 
exposing the cold steel to tlw fnll iut cnsity of the l1 eat. Efforts 
have been macle to overcome this by the use of two fnm:tC<'s of 
high and low temperatnre, r espectivdy; bnt the neat<'st, simplest, . 
all<l most effective design for ~ecnring this end bas been tl1at of 
(;ustave Ekman, of Sweden (1843 ), nor was the element of ab-
~orption of waste heat neglected. The very same design is m~ul e 
to do double duty aml secure hoth ends, and therein lies the 
great beauty aud adaptability of these furnace s. For regeiH' m-
tion, or recoupment of the l1('at, Siemens depem1ed upon the 
absorptive action of the fire-brick, from whence it was returned to 
the furnace. Ekman at once mru1e the oucoming mcf1tl itsc(f 
absorb the escaping heat, an arrangement in itself mauifestly 
simple and effective, bnt vastly so in the ligl1t of the fact of the 
greater absorpti re capacity of the metal over the fire-briek. 
Nor does Ekman stop here. After running the gauntlet of the 
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cooler billets, the heat is met by a " stove," or similar device, 
placed in the stack, by which further retention of the heat was 
secured and used in heating the air-blast. Such a furnace is 
shown in Figs. 5 and 6. L ength, it will be seen, is a distinguish-
ing feature-it might almost be said to be a part of the stack 
placed horizontally. The billets are charged at the cooler, and, 
by gradations approach the higher heat. With high-carbon steel 
Fw. 6.-EKMAN FunNACE. 
this is absolutely imperative, and desirable with any metaL It 
might almost be said to be a simultaneous heating and "soaking'' 
effect, to use a steel-maker's term-the billet delivered ready and 
in perfect condition for rolling. 
In conuection with this quasi "soaking" feature fies that of 
absorption of the waste heat. Ekman, as will be seen from the 
illustration shown, placrs a second low bridge wall transversely 
::tcross the furnace bed (Fig. 5 ). This retards and tends toward 
cmdincment of the heat at the hot end. Escaping over the 
hriclge, the heat envelops and is either absorbed by the long line 
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of oncoming billets, or, passing them, is arrested by the stove in 
the stack. Gradation in heating and passage of the bridge was 
effeCted by withdrawal and insertion of the billets at the side 
doors shown. In a modification of this furnace, called the "roll 
oven," seen by the writer at Hom·de, Germany, about 1880, this 
was effected by giving the billets an octagonal section, and J•olling 
them the entire length of the furnace by barring through lateral 
doors. · In all these furnaces, the bottoms were of sand. · 
A decided improvement in effecting the transit of the metal 
was that made by William D. Allen about twenty :rears ago, tlu'n 
general superintendent of the Henry Bessemer \V orks at Shef-
field, England. Mr. Allen placeJ the metal ou skids made of 
wrought-iron pipe protected from burniug by maintenance of a 
water circulation tl1rough them. Tbis was a deci11ecl improve-
ment, dispensing with barring, lessening the friction, and made 
possible the movement of the entire mass of billets onward by a 
hydraulic pusher, which he placed at the charging end of the 
furnace. · 
From this point on, the manifest adva:ntages of this type of 
furnace have claimed attention, and caused a rapid growth and 
development of important modifications. Two of these, designed 
by the writer, are here shown, the "gravity disc,1arge" (Figs. 7 
and 8), and the "suspended roof" furnaces (Fig~. 9 nn<1 10). Both, 
as will be seen~ ha"Ve all the essentials of the Ekman-Allen furnace. 
In the former (gravity discharge) the billets are pushed to the 
hottest zone of the furnace, from which they desce11d hy an in. 
cline (set at an angle greater than the angle of friction) to the 
feed rolls and thence on to the mill, thus avoiding the slow and 
laborious operation of barring the metal out employed in the 
Allen and other furnaces. The inclination upward of the furnace 
bed is given to secure the gravity discharges at a point above the 
floor line instead of below it, as would be necessary if the bed 
was horizontal. Great furnace capacity can be secured by plac-
ing a series of these furnaces side by side, fed from the billet 
pile by a. common conveyor in the rear, and all discharging by 
gravity upon a common system of feed rolls for delivery to the 
mill ns shown in Fig. 8. 
In the feed roll system, shown in Fig. 8, the delivery rolls are 
conical, with an extension of lesser diameter and consequent lesser 
surface speed. The cold billets retained by la.teral gni11es are 
conveyed on the inclined surfaces of the rolls until at or 11ear the 
4 
50 SOM 1£ LANDMARKS IN THE HISTORY OF THE ROLLING MILT SOME LANDMARKS I N THE HISTORY OF THE ROLLING MILL. 51 
z 
r4 < 
...l 0 
'::. ...: ~ 
5 v 
< l'o; ~ ~ (!) ~ ;r. 
-<: 
0 s 00 
< A 
> f E-< > 
<1! 
~ t ~ ;.-
z < 
< 
c ~ 
>::: 7; 
.s < ~ 
" I ~ ~ ;:::: 
s I 
;::., X! 
;::., 
. 52 SOME LANDMARKS I N TH E HISTORY OF THE ROLLING MILL. 
· furnace, where the guides are "switched" or withdrawn, and the 
billets allowed· to fall and travel at the slower speed upon the small 
ends of the roll below, being brought to a standstill by any suit-
able stop. 
The development of the suspended roof furnace was an out-
growth of the -necessity for using billets small in section but long 
in length . . e Experience has shown that· in rolling finialu~d products 
of small section, complete uniformity was obtained with less loss 
from oxidation by the use of billets correspondingly small in sec-
tion than by using shorter lengths of larger section. The usual 
length of billet for the "suspended roof furnace" is 30 feet, the 
length suited .to the ordinary freight car. . 
The necessity of lateral presentment of billets to flame for uni-
form heating I have already shown. To effect this, therefore, 
with a 30-foot billet ca1led for corresponding increase in · furnace 
width : length had already reached 30 to 50 feet for securing con-
tinuous and gradual heating. To support a roof suitably over 
such dimensions necessitated something more than the means 
ordinarily used. The writer devised a roof consisting of a series 
of arches supported by skewbacks, suspended from trans~erse 
girders resting upon the furnace walls ; suspension being had by 
attachment to water pipes running through the skewbacks (Fig. 9). 
This roof has had a thorough practical test for five years past, 
and bas workerl quite satisfactorily. The essential points of 
Ekman and Allen are easily recognized in it, except that heat 
localization, which Ekman secured by his second bridge waJJ, is 
here obtained by the 1·everberatory effect of the roof arches, and 
the water-pipe skids of Allen are confined to the cool end of the 
furnace only, by looping back, though in some instances they 
have been deflected downward through the bed. 
The method of charging these furnaces is shown in Fig. 10, 
the billets being run into the furnace in the direction qf their 
length (not broadside, as in former Ekman-Allen furnaces). They 
are presented gradually broadside to the hottest zone, and dis-
charged again longitudinally; a power pusher starting them for-
ward to the bite of the rolls, which are placed close to the furnace 
door. Special reference is due to the ease with which repairs to 
this roof can be made without material interference with its 
structure. Parts of the arches or skewbacks can, with perfect 
ease, be taken out and replaced without affecting contiguous 
parts, these roofs having enough spring and flexibility to adapt 
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themselves to the stress of heating and cooling, or to any ordinary 
strain. They are, in addition to the purposes above outlined, 
well adapted for heating such long pieces as old rails for re-rolling. 
REELS. 
Increase in weight from the 15 and 20-pound billets rolled in 
the old mills to the 70 and 80-pound billets rolled in the original 
- -------~-- ---
•• ... ,1 
_______ __ __ .,. __ 
FIG. 10.-::HOJW.-\N t::il:SPJo:l\DEl> HOOI:•' Fl1HN.A (.;E ( PL\N ). 
Bedson continuous mill forced improvements iu reeling. rrhe old 
hand reels were tried, but the labor was too exhausting, and even 
wl1en used they cramped and hampered the full efficiency of the 
continuous mill. 
A power traction reel, as shown in Fig. 11, was designed and 
used by the writer in 18o9. It worked well, but its capacity 
was, after a time, exceedetl. With the ever-increasing length and 
weigl1t of coils, new factors had to be reckoned with. Originally, 
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wire rods were <liseharged and spread over an expanse of iron 
flooring-the free end inserted by an attendant into the reel, 
which was speeded to overtake the roll discharge and gather the 
accumulated loops from the floor. The great floor space required 
for the larger coils-the high reeling speed required for "take-
up ''-the danger to attendants and Joss from entanglement-these 
atH1 other c1iffieulties gradually force<l this ree l aside. Tile writer 
<1esigued and used at the works of the 'Vashlmm & ~r oeu .:\fau-
ufacturing Company a re P-1 snch as shown in Fi~. 12. 
The automatic pouring reel, Fig. 12, l1as a hollow vertical shaft, 
on the upper end of wl1ich was fastened a disk. Near the outer 
edge of tl1e <1isk a row of upright pins were attached thereto, 
11earer tl1e centre of the shr~H, atH1 about six inches from the per-
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iphery was & second row of upright pins. This reel was provided 
with another disk or platform at.tached to a shaft, which was 
inserted and proje~ted through the shaft of the reel; at the lower 
end thereof was a hydraulic cylinder and piston for moving the last-
named lifting-platform, and for the removal of the rods after reel-
ing. Between the two rows of pins the wire rod was coiled as it 
issued from the finishing rolls of the mill, and conducted through 
a pipe which guided it to the reel. The operation was somewhat 
like pouring a small stream of water into a revolving tub. All 
the difficulties of floor looping were eliminated by placing the reel 
close to the finishing rolls. 
This reel has been almost .exclusively used by the Washburn 
& Moen Manufacturing Company in connection with its mills. 
It is properly a landmark in the evolution of automatic power 
reels. Like Cort's invention, however, the child was so attractive 
tl1at rival claims of parentage contested. With varyiug successes, 
they were carried through courts of minor jurisdiction until the 
Supreme Court of the United States, with the wisdom al!d equity 
of a Solomon, refused to divide the child, and irrAvocably awarded 
it to the writer as his own. 
Another form of reel designed by the writer and one of his asso-
ciates was the ''laying" or ''whirling pipe" reel. As the name 
would indicate, the wire rod was laid in a receptacle by means of 
a rotating pipP. These reels were not used by the Washburn & 
Moen Manufacturing Company, but received a most flattering 
compliment and endorsement from the wire-rod fraternity by the 
very general way in which they were appropriated and used with-
out so much as "by your leave, sir.' ' A singnlar incident to this 
method of reeling was the gradual spiral twist gi\'en to the .. rod-
thought, at first, objectitmable. It appeared in time, however, 
that imperfections in the rod by "under or over filling" in the 
rolls were thns distributed spirally upon the rod, and not straight 
an<1longitudinally. The inventors buil<lAcl better than they knew, 
for by this quality the excessive wear upon the die in cold draw-
ing was distributed around its inner surface, and not confined to 
wearing and cutting at one point. 
AccEssoRIRs. 
I ·have already noted the influence upon development of the 
demand for greater thing~. The design of the mill and the ac-
cessones about it soon came to have the imprint of the specific 
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use iutended. LiLtle by Jittle the limi tatious of lmman enclur-
auce were reached. With each llew device there still Iingerell 
·enough of direct lmman labor to fatigue and hinder. All these 
had to stand aside, until the function of labor has become largely 
s1p er vism·y and direct01·y, rather than executory. 
Originally, tile jwJ·nace and the mill, the lu:oting and the 1·oll· 
ing, comprised the whole. To-rhy, appliances, formerly mere con-
venient accessories, have ri~en to the diguit.r bf indispensable 
parts. Human nature nnd the native distaste for physical effort 
could fairly be couuted upon to prompt some mechanical relief, 
but somethiug more than love of ease and relief from labor in-
spired the growth of the niodern accessories. _i_"'\"""ecessity fol' ced 
th e issue j developing the ·beautiful acljnucts now inseparably a 
part of every modern mill. 
Stawl before one of :Jlr. Carnegie's magnificent milJs allcl watch 
tbe great glowing mass come ou, over the feed rolls, from some-
wbere- actnated by something-enter the rolls, be lifted, turned, 
and carried on the feed table, operateJ by somebody, discharged, 
and sent out and away, on tlte automatic carriers, a finished ~ill et, 
plate or beam. How many men would it take, anll how long 
would it take them, to do the work that has boE:u llone by tl1e 
"mere accessory ''? How much would the mill have rolled with-
out it? 
I have already shown how the capacity of the continuous mill 
for rollillg greater wire roll products forced an evolution iu £t.· 
accessories. Nowhere has this been greater than in the mills 
built for 7)1 /:sa llaneou:s uses. In and around the Pi ttsLnrg dis-
trict, contiunous mills have in recent years found great faYor 
for rolliug such products as merchant steel, billets, hoop, alHl cot-
ton tie, etc. Co11tinuity of operation has Lee11 tl1e ton<.:hsto11e 
throughout. Here again, lwwever, kngth of tlto ·finished pro<lnet 
forcetlrecoguition. A G,UOO-pound ingot witl1 tlte initial heat of tlw 
con\·erte r, without reheating, is easily rolll!tl 1lirectly antl eontiuu-
onsly to 1 i-i 11ch square bar. \rlwu so rolled it im·oln.!S a le11gth 
of nearly SOU feet; lnxury of yard room to accommmlate wl1ich 
few mills can affonl to gi,·e. HandliiJg the stmigbt 80fl-foot 
product was impracticable; reeli11g it CfJlltdly so am1, i11 fact, un-
clesirerl. StoppagA of tho movi11g metal Ly tixl!d cutters duri11g 
deli,·ery from the mill there could not be, with the atteiHlant 
bnddiug of the oncon:ing mass. 1\> meet the J'( '<jltil'<' lll<'llts, a 
sl!ear, showu in Fig. 13 (caill!ll by the workmen tlH· flying shear) 
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was designed by an associate of the writer. Cutting in transit 
is the function of the machine. It is designed with knives upon 
·a radial arm moving in company with the metal and while acting 
upon it. The arm returned to its original position allows the 
continued discharge of the rolled metal, which, striking a trigger, 
applies the pressure, actuating the shear for a reuewed cnt. The 
action is entirely automatic, cutting to reqnired lengths, and is 
used for handling the delivery from the mill of the heavier sizes 
of finished products. 
The continuous mill hacl been applied to miscellaneous rolling 
but a short time before it was called upon for senice in rolling 
hoop and cotton tie. Tl1e mill adapted itseif perfectly to the 
new work, but the accesl:iot·/es at once came into prowit1ence. 
Heavy clevices for cntting billets were of little service in lwuclling 
the flat and limp red-hot cotton tie, which l1ad about as much 
consistency as a piece of wet paper. DeYices for antonmtically 
cutting aucl coiling were first used, but the pradice finally sd-
tlecl upon a looping clistrilllltion of the metal upon a h·a,·elliug 
table or apron, somewhat after the manuer of the old floor dt>liY-
ery of wire rod:-;, except beiug done uniformly and mechanically. 
By this means gradual cooling of the flat sttjel was secured with-
ont contact of the metal with itself, th ns etisming a uniform hlue 
finish desirable in some varieties of flat rolled products. Tltis 
was designed by the inventor of the flying sl1~ar. 
I have referred to the inflneuce of great production upon the 
<.levelopment of the mill nnt1 its accessory. It is worth perhaps 
a passing note to speak of the influence upon them of ecouomy 
and refinement. 
EcoNOMY AND REFI~EMENT. 
There is a seeming iucongruity in the application of eternal 
laws to a rolling mill, yet the Divine command to "gather up the 
fragments that remaiu, that notltiug l>e lost,'' must be here inl-
plicitly obeye<.l. Economy in fnel cousumption, scale wast<', :llld 
crop ench has usually had so11te attentiou; but as preciHion aiHl 
refinf:'ment in fiuished product aiHl demands for something better 
and ehenper gre \r, t ' ('IJIIOJu.'f grew with them. Economy in moving, 
in liftiug, aud in carrying. Economy in using air and water, for, 
free as tlwy arc, yet at l1igh pressures they arc costly luxuries, to 
lH~ used with economy only. In all these pfln,.,....,~ • ~~cessories 
played a part. 
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The foundryman's plea that half the machine is built in tl:e 
foundry is true ; with this amendment, that part of that half 1s 
built at the forge .-and mill. We no longer "allow plenty for 
finish," be it machinery steel or foundry casting. Casting and 
rolling must be done with reasouable exnctness. The roller's old 
worn gange is now an inmate of the museum. It is the 1nic1·mnc-
te1· he now must use. He stands between "limit ga-uges." 'flms 
far can he roll, but no farther, and hundredths and thousandths 
are units familiar to his ear. The result is nicety, refinement, and 
economy everywhere, and the mill and its accessory must be cle-
sianed to meet them. 
t:>A recent accessory of the merchant mill-a storage system-
bas been designed by the writer';:; associates, the whole function 
aud purpose of which is eco1l07n!J. Economy in time, economy 
in material. Ordinarily a jobbing merchaut mill nms on part 
time-its use is intermittent., depending upon the receipt of 
orders and the lengths and qnantities of the material required. 
This intermittent use of the mill has been demoralizing to the 
,\dwle plaut. Aside from the loss upon idle and unproductive 
equipment, there has been the direct loss and expense. of frequent 
roll changing and a(ljustment in filling small and nuscella.neo~lS 
orders. The contiJIIted use of the mill for products earned m 
stock has been prohibitive by reason of the great waste from crop 
ends. Lengtlt of merchaut bar, like tl1at of the original wire rod, 
has been determined by the \'ehicle for hansportation-one by 
the length of the freight car, the other by that of the farm w~gon. 
Cutting the varied lengths of commerce from these onh~~r.r 
merchaut-bar lengths has been higlJ!y wasteful of large quantities 
of valuable metal. T" obtain relief from these exh·a\·agances-
i. e., idleness of the mill and wnste of material-the storage system 
has been evolved. By its use the finished piece, straightet1e<l, 
cooled, and 'ancut, is carried laterally to storage racks ha\'iug com-
partments of large capacity in which stm.ulanl s~~e~ and sections 
are kept separately autl in stock Shearwg faCihhes are place<l 
at each end of the racks, aud most of the cutting is done only 
upon receipt of onlers, antl then to specific ~r mnlti1.)1e leugths. 
As a reFmlt there is a saving of metal, a savmg of hme, :t more 
continuecl use of the mill, ancl an enlargetl efficiency by greater 
freedom in the use of heavier billets. 
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CoNTINUITY. 
No single aspect of modern manufacturing is more striking and 
pronounced than the drift towards continuity of operation. Not 
-that of the continuous mill alone, although that mill has done its 
full share; but everywhere, in all Jines of work, the search for 
economy and despatch has weeded out slow and needless inter-
mediaries and unified functions before separate and distinct. Oper-
ations which heretofore hindered and delayed have now disappeared 
from the co11tinuous mill, until it is a familiar sight to see a billet, 
one end still in the furnace-its length in all the reducing passes 
of the mill, and the other end coiled on the reel, a finished wire 
rod-:1 continuous and simultaneous performance of heating, roll-
ing and reeling upou the same piece of metal without cnt or sep-
aration of its parts. No less striking is the operation of rolling 
larr;a sections. The metal, a few moment~ ago a 6,000-ponnd 
ingot, and now a four by six-inch· billet, is can·iet1 onward to the 
mill, a part of its length moving on the feed table, part ntOviug 
faster through tile passes of the mill, part l>eing cut by the" flying 
shear," part caught up aucl <.:arried away on the conveyor; a1Hl 
part beiug deli ,·erecl on the car for transportation from the mill. 
Here again are parts of the same mass of steel being fed, rolled, 
cut, conveyed and cleliYered, continuously and simultaneously. 
There is something a bit dramatic in the sight of a bar rest-
ing on the car ready for sltipment, while the parent from which 
it sprung is still away back in the bite of the roughing rolls. 
~o it is eYerywhere. 13e it the making of a newspaper or an 
envelope, from roll to finisiJe(l prodnct-fohling, cntti11g, printiug, 
stamping, and couutiug-it is continuous to the cucl. It is in the 
very spirit of the timeS-<Jniclmess, continuity, aml economy. In 
a recent review of the astronomy of the century, Professor Dul-
benr, of Tuft's College, clrops a little senteuce, " ( 'reation is a 
crmt{lluous process." If tile scientist finds creative processes 
continuous in It;.~ cloma!u, no less so does the engineer fiu<l it in 
J,;s own. Creation of the raw 7nate-rlai8 upon this planet has been 
a coutiunous process, and ~o is fast getting to be the creation of 
the.fini8lu:d JII'Or/lfct8 from them. 
,y EALTH OF THE CoUN'I'ItL 
In conclusion, then, may I ask, Wltat has the rolling mill been 
worth to onr conn try? On'r a hundred year~ :tgo (a~ we ]),..c 
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seen) one of England's statesmen, in substance, said it was worth 
to that country more than the whole of certain thirteen colonies. 
What has it been-worth to those colonies? What has it dooe for 
them 1 V astnesl!l of the question makes brevity of reply. Who 
can measure, estimate, or enumerate the indebtedness and depend-
ence of the nation to the offspring of the "little mill at Fontley "? 
Tbere were the colonies strung like a filament along the eastern 
shore, and all that great work to the westward -to be done. To 
tunnel mountains, dig mines, bridge rivers, lay rails, fell forests, 
sow, reap, and ship the grain. It was a task enough to daunt the 
bravest. Watt's Hercules lent its strength, but the rolling mill 
put into his hand a club of "ever increasing might" with which 
to "batter down the institutions of preceding ages," and Hercules 
needed all his strength to swing it. I know it suggests the old 
spirit of ''Who shall be greatest? "-the rivalry of cooperating 
and interdependent parts-but it was rougb justice that awarded 
Solomon's blaeksmith the honored chair. Why not this tribute to 
his success01-the rolling mill of to-day? How far would we have 
gone, and how much would we have done without it? · With each 
new demand the mill has been equal to 'the occasion. 1'ranspor-
tation and communication, the vanguard of all civilization, would 
have been helpless without it, to say nothing of all the every day 
dependencies upon it. Particularity of these would be but tedious 
enumeration. Its work is in the web and woof of all we do . . 
The steamer going East and the railroad going West are 
built and burdened with the products of the mill. How much of 
the great West, and all the wealth which is in it, would have been 
ours without the help of the rolling mill? 
There come to mind the doubting and uncertain daJS when 
the far West lay too big and boundless to be understood-when 
the mind of the statesman, Webster, could not grasp it-would 
not vote "one cent from the public treasury to place the Pacifi<~ 
coast one inch nearer to Boston than it is now," and was "u.hont 
trading that worthless territory for some valuable concessions in 
relation to the cod fisheries." 
Those were curious days in the light of to-day: when the 
appraised value of the West was expressed at Washington in such 
figurative terms as "interminable desert," "arid plain," "impass-
able mountains," "not worth a pinch of snuff," "region of 
savages and wild beasts," "deserts of shifting sands, dust, cactus, 
~ •H] prairie dc~s." 
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And so it was, and so it would be now, but for the products of 
the rolling mill. 
One statesman said : " Have you made an estimate of the cost 
of a railroad to the mouth of the Columbia?" "How are you 
going to apply steam?" The rolling mill has solved his problem 
and answered his question. 
Another statesman, in similar vein, said : " All the gold of Perti 
would not pay a penny on a pound of the cost it would be to build 
a railroad over the mountains to Oregon." Well, probably it 
would not if the rails for the road were all forged under the old 
tilt hammer in use before Cort' s time. 
Has it paid to cross the mountains? Mountains ·'impassable 
for wagon :roads" until the undaunted spirit of Marcus Whitman 
found the trail and blazed 'the pathway for us. Last year the 
iron horse, harnessed in the trappings of the rolliug mill, and shod 
with its products to give it foothold, drew from these "impassable 
mountains" one hundred and seve;nty millions of gold, silver, and 
copper! Has it paid? 
'Tis the poet's license to . use our language in ::esthetic se11se; 
I claim the plain man's privilege to use it in the literal. We 
know whose the strong hand that has made the material welfare 
of our country. We know, and that right "·ell, ''what master 
laid its keel, what workman wrougl1 t its ribs of steel, i11 what a 
forge, in what a heat, were shaped the anchorH of its hope." 
And so it ever will be. As long as human beings come and go, 
the rolling mill will serve until mankind shall cease to know a 
physical want unsatisfiet1, or longing unfulfilled-and that will be 
when stars grow colU aJHl "the wit1e firmament i;-; rolled up like a 
scroll." 
